Revisions after total joint replacement increase constantly. In the current study, we analyzed clinical outcome, complication rates, and cost-effectiveness of revision arthroplasty. In a retrospective analysis of 162 revision hip and knee arthroplasties from our institutional joint registry responder rate, patient-reported outcome measures (EQ-5D, WOMAC), complication rates, and patientindividual charges in relation to reimbursement were compared with a matched control group of primary total joint replacements. Positive responder rate one year postoperatively was lower for revision arthroplasties with 72.9% than for primary arthroplasties with 90.1% (OR=0.30, 95%CI=0.18-0.59, p=0.001). Correspondingly, improvement in patient-reported outcome measures one year after surgery was lower in revision than in primary joint arthroplasty with EQ-5D 0.19±0.25 to 0.30±0.24 (p<0.001) and WOMAC 24.3±30.3 to 41.2±21.3 (p<0.001). Infection rate was higher in revision (6.8%) compared to primary replacements (0%, p=0.001). Mean charges in revision arthroplasty were 76.0% higher than in matched primary joint replacements (7110.8±2249.4$ to 4041.1±975.7$, p<0.001), whereas reimbursement was only 23.6% higher (9243.3±2258.4$ in revision and 7477.9±703.1$ in primary arthroplasty, p<0.001). Revision arthroplasty is associated with lower outcome and higher infection rate compared to primary replacements. The high financial expense of revision arthroplasty is only partly covered by a higher reimbursement.
Introduction
In orthopaedic surgery total hip and knee replacements are one of the most successful and frequently performed procedures [1] . They represent a curative treatment option of advanced hip and knee osteoarthritis with the capacity to substantially improve pain, function, and quality of life [2] . Despite continuous improvement in surgical technique and implant design the number of revision arthroplasties is still expected to grow [3] . By the year 2013 total hip and total knee arthroplasty is projected to increase by 137% and 601%, respectively, in the United States [4] . The most common reasons for revision total joint arthroplasty reported in literature are instability, aseptic loosening, and infection [5] [6] [7] .
Revision arthroplasty is a complex and challenging procedure. The associated resource consumption substantially differs from primary total joint replacements [8] . From a socioeconomic point of view the high numbers of revision arthroplasty represent a financial burden [3] . As demonstrated in previous studies, the average hospital cost for revision total hip arthroplasty has more than tripled within a period of ten years [5, 6, 8] . In literature the percentage of patients undergoing revision arthroplasty in relation to primary total joint arthroplasties is described as the revision arthroplasty burden [4] . Despite all technical progress and surgical efforts this revision burden has not decreased over the past decades [9] .
Independent of financial aspects orthopaedic surgeons aim for the best operative treatment in patients undergoing revision arthroplasty. However, a considerable number of patients still complain about residual pain and restricted function [10] . Furthermore, revision arthroplasty is supposed to be associated with higher postoperative complication rates and longer hospital stay [11, 12] . However, advances in joint 2 BioMed Research International arthroplasty over the last two decades might have reduced complication rates.
In the current retrospective analysis of 162 revision total hip and knee replacements and corresponding 162 sex, age, and ASA (American Society of Anaesthesiologists) class matched primary total joint replacements we aimed to investigate responder rate, early clinical outcome, complication rates, and economic parameters such as operative time and length of hospital stay, and patient-individual charges in relation to reimbursement at a high volume arthroplasty centre.
Patients and Methods
A retrospective analysis of revision hip and knee replacements and a matched control group of corresponding primary replacements from our institutional joint registry was performed [14] . The local Ethics Commission waived approval due to the retrospective study design. A power calculation was performed for the investigation of the primary endpoint positive responder rate after revision total hip and knee arthroplasty. The corresponding hypothesis was tested on a 5% significance level. Derived from a previous study [10] and our own clinical data the expected difference in responder rates was set to 10%. Based on these considerations, a sample size of 151 in each group achieved a power of 80% using two-sample chi-square test (nQuery Advisor 7.0, Statistical Solutions Ltd., Cork, Ireland). From the database 162 patients undergoing all component revision after total hip and knee replacement with complete postoperative outcome measures were chosen. Patients with liner exchange, soft tissue revision, and incomplete data files were excluded. This group was matched with a control group of primary total hip and knee replacements according to sex, age, and ASA class. A total of 162 matched pairs were available for final analysis. All operations were performed between January 2012 and December 2016 at Department of Orthopaedic Surgery at Regensburg University Medical Center, Germany. Available data from the institutional joint registry included patient age, sex, ASA class, operative procedure, operative time, length of hospital stay, infection rate, and pre-and one-year postoperative Western Ontario and McMaster Universities Arthritis Index (WOMAC) [15] and Euro-Quol 5D-5L (EQ-5D) [16] . Using the anonymized case numbers of the registry numbers patient-individual charges such as implant charges, perioperative charges, and charges for hospital stay as well as overall reimbursement were available from our financial controlling department. The WOMAC is an international widely used score to evaluate outcome after total joint replacement representing a multidimensional measure of pain, stiffness, and physical functional disability [17] . This measurement of outcomes by health-related quality of life questionnaire has especially been developed for patients with osteoarthritis and has been approved in several longitudinal studies with patients undergoing total joint replacement [18] [19] [20] . The EQ-5D is a widely used and tested descriptive instrument for evaluating health. It defines health based on five dimensions: Mobility, Self-Care, Usual Activities, Pain/Discomfort, and Anxiety/Depression. To improve the instrument's sensitivity to small and medium health changes and to reduce ceiling effects the number of levels of severity in each dimension was expanded in 2005 to a five-level descriptive system increasing reliability and sensitivity of EQ-5D [16] .
Altogether 94 matched pairs were available for revision hip arthroplasty and 68 for revision knee arthroplasty, respectively. Anthropometric characteristics of the study group are shown in Table 1 . Revision total hip arthroplasty in all patients was performed in the supine decubitus position using a lateral Hardinge approach. In the control group, a minimally invasive single-incision anterolateral approach to the hip was used in terms of an intermuscular and interneural tissue plane between the tensor muscle and the gluteus medius muscle [21] . Data of the components implanted for revision were not available in our data base. For primary cementless total hip arthroplasty press-fit acetabular components and cement-free hydroxyapatite-coated stems of one single manufacturer (Pinnacle5cup, Corail5stem or Trilock5stem, DePuy, Warsaw, IN, USA) were used. Both primary and revision total knee arthroplasty in all patients were performed through a standard medial parapatellar approach including a tourniquet. Data of the components implanted for revision were not available in our data base. For primary knees cemented components of one single manufacturer (PFC Sigma5, DePuy, Warsaw, IN, USA) were used in all total knee replacements. No patella resurfacing was performed.
For dichotomizing responders and nonresponders within the first year after surgery, the Outcome Measures in Rheumatology and Osteoarthritis Research Society International consensus responder criteria (OMERACT-OARSI) [13, 15] w ere used as previously described [22] . These criteria assess responder status based on relative change in Index (WOMAC) scores in relation to benchmarks determined by expert consensus and statistical analyses. OMERACT-OARSI criteria were chosen since they do not depend on patient characteristics of the cohort and thus reducing any potential selection bias due to the retrospective design of the study [23] . The OMERACT-OARSI criteria to assess responders after total joint replacement include improvement in pain or function of at least 50% and absolute change of at least 20 points. Alternatively, responders are also defined by fulfilment of two of the following criteria: improvement in pain of at least 20% and absolute change of at least 10 points, improvement in function of at least 20% and absolute change of at least 10 points, or global improvement of at least 20% with absolute change of at least 10 points [13] .
For statistical analysis, continuous data are presented as mean (standard deviation). Group comparisons were performed by two-sided t-tests. Absolute and relative frequencies were given for categorical data and compared between groups by chi-square tests. The primary hypothesis in the study was tested on 5% significance level. For all secondary hypotheses, significance levels were adjusted according to Bonferroni [24] . Odds ratio (OR) and 95% confidence interval (95% CI) were estimated by logistic regression. IBM SPSS Statistics 22 (SPSS Inc., Chicago, IL, USA) was used for analysis.
Results
The positive responder rate as defined by the OMERACT-OARSI criteria [13] within the first year after surgery was Figure 2 ). Analyzing outcome measures subscores, again oneyear results were lower in patients undergoing revision than those with primary total joint replacement ( Table 2) .
Researching into adverse events, we found a higher infection rate in revision (6.8%, 11/162) compared to primary arthroplasty (0.0%, 0/162, p=0.001), whereas no differences were observed regarding intraoperative fractures, thrombosis, or neurologic deficits (Table 3) .
Mean operative time was 52 minutes longer for revision total joint replacement compared to matched primary total hip and knee replacements (127.0 ± 61.3 min versus 74.9 ± 22.6 min, p<0.001). Similarly, patients undergoing joint revision had a longer hospital stay of 4 days compared to the control group (13.1 ± 6.3 d versus 9.3 ± 1.6 d, p<0.001, Figure 3 ). Researching into socioeconomic aspects, revision arthroplasty resulted in a higher financial expense of 76.0% compared with matched primary joint replacements (7110.8 ± 2249.4$ to 4041.1±975.7$, p<0.001, Figure 4 ). The increased charges in revision arthroplasty were due to higher implant costs, perioperative costs, and costs of hospital stay (p<0.001). The higher reimbursement of 23.6% (9243.3±2258.4$ in revision to 7477.9±703.1$ in primary arthroplasty, p<0.001) did only partly cover the elevated costs for revision joint replacements (Table 4 ).
Discussion
Primary total hip and knee arthroplasty is a frequently performed and successful procedure in orthopaedic surgery [25] . Correspondingly, the number of revision arthroplasties increases and is associated with considerable financial expense [3] . In the current retrospective study, we aimed to compare (1) responder and early clinical outcome within the first year after total joint replacement, (2) complication rate, and (3) patient-individual charges in relation to reimbursement between revision and primary total hip and knee arthroplasty. We found a lower responder rate and lower clinical outcome for revision arthroplasty than for matched primary total joint replacements. Infection rate was higher in the revision group. In general revision arthroplasty required 52 minutes longer operative time and a prolonged hospital stay of 4 days compared to matched primary arthroplasties. In addition to higher implant costs this resulted in higher charges of 76.0% compared to primary hip and knee replacements.
There are several limitations of this study. First, the study design is a retrospective analysis. Therefore, the results are susceptible to potential bias. We tried to reduce this and matched the cohort in terms of age, ASA, and sex. To further minimize potential bias we chose patient characteristics independent dichotomization for responders. Using noncohort dependent benchmarks should maximize generalizability. Second, the current study is restricted to the information provided by the institutional joint registry. Other parameters such as the patient's psychological or social status might have an impact on the patient specific outcome and improve prediction of outcome. Third, for the current analysis only short-term outcome data for the first 12 months were available. It would have been of interest to include long-term outcome and failure rates. Fourth, we were not able to differentiate between the reasons and types of revision surgery. All operations were all component revisions. However, this included easier and extraordinary challenging procedures. A strength of the study is the fact that all data refer to one single university medical centre reflecting a specific operative workflow for total hip and knee replacement as well as an identical postoperative treatment protocol for all patients. This contributes to minimizing confounding factors. In answer to the first question of the study, we found an excellent responder rate within the first year as defined by the OMERACT-OARSI criteria [13] after primary total hip and knee replacement with 90.1%. This is in line with other studies underlining the benefit from total joint replacement [1, 2] . In contrast, responder rate in all component revision surgery after hip and knee arthroplasty was significantly lower with 72.9%. Similarly, residual pain after revision arthroplasty has been described in literature [10] . According to the lower responder rate in all component revision total hip and knee arthroplasty, patient-reported outcome measures as assessed by WOMAC and EQ-5D differed between revision and primary total joint replacement one year after surgery. However, the outcome data after revision were on a higher level compared to previous data in literature [26] . This demonstrates that in modern revision arthroplasty still good outcome is achievable. Overall outcome measures for primary total joint replacement in our study were similar to previous published early results after total joint replacement of the hip and knee, respectively [27] [28] [29] [30] [31] . Furthermore, our data are supported by a previous study showing poorer functional outcome for knee replacements compared to hip replacements [32] . In addition we analyzed complication rates after joint replacement since the risk of severe adverse events such as infection or fracture has to be considered and balanced with the potential benefit of revision arthroplasty. However, except for infection complication rates were comparably low for both revision and primary arthroplasty emphasizing revision arthroplasty represents a safe procedure in orthopaedic surgery. The observed results are in accordance with literature BioMed Research International 7 [27, 33, 34] . Regarding infection rate there was markedly higher number of infections after revision compared to primary arthroplasty. One reason for this higher rate might be due to the fact that revisions due to infection were included in the revision cohort. In relation to previous results in literature, the infection rate was still within the lower range [35] . No differences between the revision and primary arthroplasty group were observed regarding thrombosis and neurological deficits with the numbers available.
Researching into economic relevant data, mean operative time was 52 minutes longer for revision arthroplasties compared to matched primary arthroplasties. The increase in operative time was more apparent in hip than in knee revisions compared to matched primary total joint replacements. Compared to data from revision arthroplasty two decades ago operative times for revision arthroplasty have decreased by 50 percent nowadays [12] . The observed operative times for both primary hip and knee replacements were comparable to modern literature [27] . From an economic point of view, a prolonged operative time means higher financial expense. In addition, mean hospital stay was 4 days longer in our study cohort for revision arthroplasty compared to matched primary cases. A prolonged hospital stay for revision arthroplasty has been previously reported in literature [36] . This further adds costs to the public health care sector as well as higher implant costs resulting in higher procedural charges [3] . In our study cohort charges for revision arthroplasty were 76.0% higher compared to primary total joint replacements. In contrast, reimbursement was 23.6% higher in revision compared to primary arthroplasty and thus did only partly cover the high charges. In addition charges for revision arthroplasty are still rising. In previous studies a threefold increase of overall costs for revision hip arthroplasty over the last decade has been calculated [6, 8] . Mean annual economic revision burdens of 27% have been reported in literature for revision total hip and knee arthroplasties [3] . By 2013 the demand for revision hip and knee arthroplasty is expected to substantially grow [4] . Therefore, revision arthroplasty of the hip and knee represents a severe challenge for public health care systems. On the other hand the increase in outcome after revision might lead to a decrease of costs in the period after surgery from the perspective of both patient [19] and public health care [37] .
Conclusions
In conclusion, both hip and knee revision arthroplasty enable patients to regain good function and outcome. Still, patients experience lower outcome compared to primary total joint replacement. Despite higher infection rates revision arthroplasty is a safe procedure with tolerable complication rates. However, revision total hip and knee arthroplasty is costintensive and thus a challenge for public health care.
Data Availability
The data used to support the findings of this study are available from the corresponding author upon request.
Conflicts of Interest
All authors declare no potential conflicts of interest.
